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ABSTRACT Changes in small intestinal morphology
(jejunum) were examined at 28 d of age in chicks fed
with full-fat sunflower kernels (FFSK)-based diets. Jejunal
mucosa of chicks (six chicks per treatment) were embed-
ded in Epon-812 for examination by a conventional elec-
tron microscope procedure. A portion of the tissues was
also sectioned and embedded in paraffin for examination
by light microscopy. Brush border, goblet cells, and in-
traepithelial lymphocytes, on the one hand, and fibroblast
and mononuclear cells (lymphocytes, plasma cells, mac-
rophages) were observed in the enterocytes and lamina
propria, respectively. The results showed that the birds
fed 150 g kg−1 of FFSK showed a shortening and thick-
ening of the villi, hyperplasia and vacuolar degeneration
of enterocytes, and hypertrophy and hyperplasia of gob-
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INTRODUCTION

Several studies of poultry rations have been conducted
to determine the nutritional value of sunflower seed
meal remaining after dehulling and extraction of oil.
An increased trend in formulating high-energy, high-
protein rations for broiler chickens has prompted evalu-
ation of full-fat sunflower seed as protein and energy
sources for use in poultry rations (Cheva-Isarakul and
Tangtaweewipat, 1991; Arija et al., 1998). However,
many of these studies have given contradictory conclu-
sions because the nutritive value of a sunflower seed
meal depends on its chemical composition and the
method of processing. We found no information in the
literature regarding feeding broilers full-fat sunflower
kernel (FFSK). Arija et al. (1998) have shown that inclu-
sion of FFSK, up to 50 g kg−1, resulted in a significant
reduction in fat digestibility. The purpose of this work
was to study jejunum morphology by light and electron
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let cells. Likewise, an increment of intraepithelial
lymphoid cells and hypercellularity of the lamina propria
was observed. In addition, electron microscopy showed
large vacuoles in the enterocytes, which could be dilations
of agranular and granular endoplasmic reticulum or
Golgi. There were many dark granules within the vacu-
oles that could be triglyceride-rich lipoproteins (portomi-
crons). These lesions could have been due to the presence
of chlorogenic acid or to the greater concentration of oil
in the FFSK diet. Our observations demonstrated that
addition of 150 g kg−1 FFSK to broiler chicken diets caused
alterations in jejunal mucosa that could explain the de-
crease in fat digestibility observed in a previous experi-
ment in which we incorporated FFSK into broiler diets.

microscopy to determine the possible existence of lesions
to explain the adverse results on fat digestibility.

MATERIALS AND METHODS

Birds and Feeding

All diets were formulated to meet or exceed the mini-
mum National Research Council (1994) requirements for
broiler chickens. Ingredients and nutrient composition
of diets are shown in Table 1. The diets were given in
mash form, and water was supplied ad libitum. A total
of 60, 1-d-old broiler chickens (Cobb strain) was used.
The chickens were randomly distributed and assigned
to six groups containing 10 birds with a maximum differ-
ence in weight of 3 g among the groups. There were
three replicate groups per treatment. The birds were
housed in battery cages with raised wire floors. The two
treatments were as follows: 1) wheat-soy diet (WS) and
2) WS + 150 g kg−1 FFSK.

Abbreviation Key: FFSK = full-fat sunflower kernels; WS = wheat-
soy.
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TABLE 1. Ingredients and nutrient composition
of experimental diets

Ingredients Wheat-soy (WS) WS + FFSK1

(g kg−1)
Wheat 543.2 496.2
Soybean meal 350.7 308.9
Sunflower oil 65.0 2.0
FFSK . . . 150.0
NaCl 3.0 3.0
Dicalcium phosphate 15.2 14.4
Calcium carbonate 12.6 14.8
DL-Methionine 5.3 4.2
L-Lysine-HCl . . . 1.5
Vitamin and mineral premix2 5.0 5.0
Chemical analysis

AMEn, kcal/kg 3,058 3,058
Protein 225.0 225.0
Crude fiber 35.0 39.0
Ether extract 78.0 90.0
Lys 10.3 10.3
Met + Cys 7.4 7.4
Calcium 10.2 11.2
Available phosphorus 4.5 4.5
Chlorogenic acid ND3 7.0

1FFSK = full-fat sunflower kernel.
2Provided per kilogram of diet: vitamin A, 13,000 IU; cholecalciferol

3,000 IU; vitamin E, 15 UI; vitamin K3, 2 mg; vitamin B2, 5.7 mg; vitamin
B6, 2 mg; vitamin B12, 0.024 mg; nicotinic acid, 28 mg; folic acid, 0.5
mg; pantothenic acid, 12 mg; choline chloride, 250 mg; zinc, 65 mg;
manganese, 90 mg; iron, 40 mg; copper, 5 mg; selenium, 0.22 mg; iodine,
0.5 mg; and BHT, 100 mg.

3ND = not detected.

Histological Methods

Six birds from each treatment were randomly selected
at 28 d of age. They were killed by cervical dislocation,
and the whole small intestine was removed. Jejunal sam-

FIGURE 1. Light micrograph of chick intestinal villi (jejunum; control
diet). The birds fed the wheat-soy diet showed normal characteristics
of gut morphology. Brush border (BB), goblet cells (GC), and intra-
epithelial lymphoid (L). Methylene blue (× 250), bar = 28 µm.

2Electron Microscopy Sciences, Fort Washington, PA 19034.
3Leica Microsystems, D-68165 Mannheim, Germany.
4Carl Zeiss Microscopy, Zeiss Group, D-0T140 Jena, Germany.

FIGURE 2. Light micrograph of chick intestinal villi (jejunum; full-
fat sunflower kernel diet, 150 g kg−1). Fibroblast and mononuclear cells
(MC) were increased in the lamina propria. Proliferation of enterocytes
with vacuolar degeneration (V) and shortening and thickening of the
villi was observed. Methylene blue (× 250), bar = 28 µm.

ples were taken at the midpoint between the pancreas
apex and Meckel’s diverticulum. For light microscopy,
samples were fixed in Bouin’s solution and paraffin em-
bedded. Cross sections of the intestine were made at 5
µm and were stained with methylene blue. For electron
microscopy, fresh intestinal segments (0.5 cm) were fixed
in glutaraldehyde (3%) with buffer Milloning solution
and were postfixed in cold 2% OsO4 (5 C); dehydrated
in ethanol solutions of increasing concentrations, fol-
lowed by propylene oxide; and infiltrated and embed-
ded in Epon-812.2 Ultrathin sections were cut with an
LKB-III ultramicrotome,3 stained with 3% uranil acetate
for 20 min, and examined with a Zeiss 902 electron mi-
croscope.4

FIGURE 3. Electron micrograph of enterocyte (jejunum; full-fat sun-
flower kernel diet, 150 g kg−1). The vacuoles (V) were located between
the nuclei and basement membrane, which could be dilations of agranu-
lar and granular endoplasmic reticulum (GER and AER) or Golgi. Inside
the vacuoles were many dark granules (DG) that could be triglyceride-
rich lipoproteins equivalent to chylomicrons (portomicrons) (× 12,000),
bar = 0.6 µm.
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TABLE 2. Cell counts1 in sections of intestinal villi

Mononuclear
Treatments Enterocytes Lymphocytes Goblet cells Fibroblasts cells

Wheat-soy (WS) 35 ± 0.41 7 ± 0.63 17.5 ± 1.50 16 ± 0.63 9 ± 0.63
WS + FFSK2 45 ± 0.20 11 ± 0.33 22.6 ± 1.46 21.5 ± 0.45 22.5 ± 0.43
P value3 0.01 0.01 0.01 0.01 0.01

1Means ± standard deviation per 0.05 mm2 (n = 6).
2FFSK = full-fat sunflower kernel.
3t test; P < 0.05 was considered significant.

Cell Counting and Statistical Analysis

A total of 60 middle sections of intestinal villi (10 per
bird) was randomly selected, and cells were counted in
high-magnification graded fields of 0.05 mm2. Results
were expressed as the mean ± standard deviation of cells
per area. Each mean was the average of 10 observations.
Differences between pairs of means were tested using
Student’s t test and were considered statistically differ-
ent at P < 0.05 (SAS Institute, 1986).

RESULTS AND DISCUSSION

The results of the histological study are summarized
in Table 2. The morphological observations of the small
intestine epithelium of birds fed FFSK indicated changes
in the jejunum compared with birds fed the WS diet.
Those birds fed the WS diets had normal gut morpholog-
ical characteristics (Figure 1). However, the jejunal mu-
cosa in birds fed the wheat-FFSK diet exhibited a short-
ening and thickening of the villi, hyperplasia (P < 0.01)
and vacuolar degeneration of enterocyte, and hypertro-
phy and hyperplasia (P < 0.01) of goblet cells. Likewise,
there was an increment in intraepithelial lymphoid cells
(P < 0.02) and hypercellularity of the lamina propria
with an increase (P < 0.01) of the fibroblasts and mononu-
clear cells (lymphocytes, plasma cells, and macrophages)
(Figure 2). In addition, electron microscopy showed that
large vacuoles of different sizes were located between
the nuclei and the basement membrane, which were
delimited by a double membrane and could have been
dilations of agranular and granular endoplasmic reticu-
lum or Golgi (Holman, 1982). Inside these vacuoles plen-
tiful, dark granules were found, which could be triglyc-
eride-rich lipoproteins equivalent to chylomicrons (por-
tomicrons) that, in the chicks, are transported via the
porto-mesenteric venous system through endothelial in-
tracytoplasmic vesicles (Fraser et al., 1986) (Figure 3).

Evidence for the presence of lacteals in chick intestinal
villi are not present (Humphrey and Turk, 1974). The
accumulation of portomicrons could be due to the pres-
ence of the toxic compounds (e.g., chlorogenic acid; 7 g
kg−1) in the FFSK diet, to the greater concentration of
oil (9%), or to the absence of some apoproteins necessary
for the synthesis and the transport of lipoproteins to
intestinal blood vessels (Ockner et al., 1972; Tarugi et
al., 1990). In conclusion, addition of 150 g kg−1 FFSK to
broiler chicken diets caused vacuolar degeneration of
enterocytes, as well as hyperplasia of intraepithelial
lymphoid and goblet cells. Hyperplasia of fibroblasts
and mononuclear cells in lamina propria were also ob-
served.
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